We utilise the LHC Run-1 and -2 Higgs data to constrain the CP-violating top-Higgs couplings.
• The di-Higgs production is the only way to measure the Higgs self-coupling at the LHC, which is dominated by the gluon-gluon fusion mechanism. The cross section of di-Higgs production is ∼ O (10 3 ) smaller than the single Higgs production at the LHC. This is because that there is a strong cancelation between the box diagrams from topHiggs coupling and the triangle diagrams from the Higgs self-coupling [51] . So, any changes in top-Higgs coupling will affect the determination of the Higgs self-coupling at the LHC. • The top-Higgs coupling also contributes to the main Higgs production process, e + e − → hZ, via loops at future Higgs factories. The precision measurement of the production rate of e + e − → hZ therefore possibly constrain the top-Higgs coupling. Another interesting process is e + e − → hγ [52] [53] [54] , which appears at one-loop level in the SM. Such a process is found to be a sensitive probe in testing the CP nature of the top-Higgs coupling since the CP-violating top-Higgs couplings can induce a large forward-backward asymmetry [55] . The structure of this paper is organised as follows. In Section II, we will briefly introduce the non-standard top-Higgs interaction and the relevant constraints. In Section III, we present the numerical results and discuss the effects of non-standard top-Higgs coupling in the Higgs production processes pp → tth, thj, hh at 13 TeV LHC, and e + e − → hZ, hγ at future 240 GeV Higgs factories. Finally, the conclusions are drawn in Section IV.
II. CONSTRAINTS ON TOP-HIGGS INTERACTION
In the SM, the top-Higgs coupling is a purely scalar interaction. However, in models beyond the SM, such as the non-linear realisation of the electroweak gauge symmetry, the top-Higgs coupling can comprise both scalar and pseudoscalar components. The most general form of the top-Higgs coupling can be parameterised as follows:
where m t is the top quark mass and v is the vacuum expectation value of the Higgs field.
In the SM, C s t = 1 and C p t = 0 at leading order. But the CP-violating component C p t can arise from the high order corrections, whose value is expected to be small [56] . In general, the CP-violating interactions can contribute to the electron, neutron and mercury electric dipole moments (EDMs). Among them, the electron EDM (eEDM) produces the strongest bound on C p t [57] . The dominant contribution to the eEDM comes from the diagram with the exchange of photon, which is given by [58] :
where x t/h := m 2 t /m 2 h and the loop functions f 1,2 (x) can be written as [59] :
Here Li 2 (x) = − x 0 du ln(1 − u)/u is the usual dilogarithm. The ACME limit reads [60] :
However, as shown in Eq.(2), such a bound on the coupling C p t depend on the assumption of Higgs couplings to the electron, which can vanish by an appropriate tuning of the ratio 
Besides, the CP-violating top-Higgs interaction can affect the production rate of gg → h and decay width of h → γγ. At the LO, the Higgs rates normalised to the SM expectations can be written as: The database 15.09 of Lilith-1.1.3 [61] have been updated with the new Higgs data listed in Tab. I in the fit, which was performed under the reduced coupling mode. The total number of degrees of freedom, n dof , is given by the differnce between the number of observables, n obs , and the number of scan parameters, n para . In our fit, we have in total n obs = 48 (35) and n para = 2 after (before) LHC Run-2, corresponding to n dof = 46 (33).
In Fig. 7 , we show the Higgs data constraints on the CP-violating top-Higgs couplings Table. I. The stronger 2σ limits of |C p t | < 0.37 and 0.68 < C s t < 1.2 are obtained by using the combined data. This is mainly because that the current signal strengthes of diphoton final states in the gluon fusion channel is less than unity, which favors smaller values of C 
III. COLLIDER IMPLICATIONS
Given the importance of the top-Higgs coupling in measuring the properties of the Higgs boson, we examine its impact on the production rates of the processes pp → tth, thj, hh at the LHC and e + e − → hZ, hγ at future lepton colliders within the allowed parameter ranges of C s t and C p t . In the numerical calculations, we take the input parameters of the SM as [68] : 
The value of the Higgs mass is taken as m h = 125 GeV. For the strong coupling constant α s (µ), we use the 2-loop evolution with the QCD parameter Λ n f =5 = 226 MeV. The CTEQ6M parton distribution functions (PDF) [69] are chosen for the calculations. We set the renormalisation scale µ R and factorisation scale µ F to be µ R = µ F = (Σm f )/2. All the amplitudes are generated by FeynArts-3.9 [70] , and are further reduced by FormCalc-8.3
[71]. The loop functions are numerically calculated by LoopTools-2.8 [72] . We keep the electron mass and checked that all the UV divergences in the one-loop processes e + e → hZ and e + e → hγ are canceled. The infrared (IR) divergences can appear in the virtual correction of e + e − → hZ, which is removed with the two cutoff phase space slicing method [73] used in our previous works [74] [75] [76] . To show the impact of the CP-violating top-Higgs couplings, we define the signal strength µ as,
where i ∈ {tth, thj, hh, hZ, hγ}. The advantage of this ratio is that it has a weak dependence on the renormalization scale.
A. tth, thj and hh production at LHC
In Fig. 8 , we show the signal strength µ tth, thj, hh at 13 TeV LHC on the plane of C s t and C p t . The yellow contour corresponds to the 2σ limit from Higgs data fit in Fig 7. From Fig. 8 , we can see that the cross sections of tth, thj and hh can be enhanced up to 1.41, 1.18 and 2.2 times as large as the SM predictions respectively within the current allowed parameter space. For C B. hZ and hγ production at e + e − colliders GeV.
In Fig. 9 , we present the signal strength µ hZ, hγ at a e + e − collider with √ s = 240 GeV on the plane of C 
